Increasing enrollment in primary education has been at the center of international education policy for well over a decade. In developing parts of the world, significant increases in primary enrollment are often generated by large national level programs, which can simultaneously promote overcrowding and reductions in education quality. However, to analyze the trade-off between increased enrollment and potential reductions in quality one must first identify and evaluate the impact of the national reform on schooling. This paper provides a method with which these types of reforms can be identified in developing settings using both temporal and geographic variation, and readily available data. The method is applied to an early 1990s reform in Ethiopia based around the release of the Education and Training Policy, which removed schooling fees from grades one to ten. The model estimates that the reform led to an increase in schooling of at least 1.2 years, and provides initial evidence that the increased enrollment in Ethiopia outweighed any cost due to reductions in quality.
Introduction
According to the World Bank's World Development Indicators, 40 percent of primary age children in SubSaharan Africa were out of school in the year 2000; a ten percentage point improvement relative to 1990. This was not a problem that went unnoticed. In the 1990's there were three major national initiatives to provide free primary education (FPE) in Ethiopia, Malawi, and Uganda (Deininger, 2003) . The second Millennium Development Goal of universal primary education reinforced these efforts, and at least 15 countries additional implemented their own FPE reforms since the turn of the millennium. Data from the OECD's International Development Statistics database show that donor countries and organizations joined the effort and official development assistance for basic education doubled in the decade leading up to 2010. The goal of these efforts was to get students into the classroom, and in the year following the reforms, grade one enrollment increased an average of 25 percent over the previous year (UNESCO Institute for Statistics). Continuous effort and focus is required to maintain a consistent quality of education in the face of such large increases in enrollment. On average, the year after the reform came into effect, pupil-teacher ratios increased 10 percent, and possibly more troublesome, by 2014 the initial surge in donor support had already declined 30 percent from peak levels. It is possible that any benefit of these programs generated by the increases in enrollment could be entirely overwhelmed by the potential decline in quality generated by overcrowding and under investment. However, before this question can be answered, it is necessary to be able to identify the effect of a national level reform in a developing setting. This paper develops a technique to identify the effect of a national education reform on schooling attainment using data that are contained in most household datasets. This technique is then demonstrated using an education reform in Ethiopia from the early 1990s, and applied to three separate sources of data.
Building on the framework of Lucas and Mbiti (2012a,b) , this paper focuses on the construction of a method that can quantify the potential magnitude of national level reforms at any level of education using both the geographic and temporal variation. This method is then applied to the removal of school fees in Ethiopia. The effect of the reform on years of schooling is estimated using three different post-reform data sources: the 2007 round of the census, 2005 and 2011 rounds of the Demographic and Health Survey (DHS), and the 2014 Living Standards and Measurement Study (LSMS) . It is shown that the reform led to an increase of between 1.2 and 1.7 years of schooling, and that the effect was about three-tenths of a year larger for women. The reform also led to an increase in literacy of over ten percentage points, a 30 percent increase relative to baseline levels, and a higher rate of completion of the post-eighth grade exam. This is suggestive evidence that the increased level of schooling did lead to increased learning, outweighing any potential quality declines. Placebo reform measures are also constructed using data from four countries 2 (Kenya, Tanzania, Zambia, and Mali) that did not have an education reform in the 1990s. Placebo estimates for all four countries yield no evidence of large increases in schooling during the same time period; these results help to rule out that the estimates from Ethiopia are capturing any type of secular trend in education.
In developed settings, identification strategies are generally more straightforward, and can exploit the exact letter of the law to identify the effect of education, such as cutoffs in age-at-school-entry dates (McCrary and Royer, 2011) , or internal variation in such policies (Elder and Lubotsky, 2009 ). However, due to issues such as late school entry and high repetition rates, it is more difficult to find and exploit such explicit variation in developing settings, although Agüero and Bharadwaj (2014) and Grépin and Bharadwaj (2015) showed that it is possible. The more common approach has been to exploit two separate dimensions of variation, the timing of the reform and geographic variation in the implementation. For example, Duflo (2001; 2004) used variation in the construction of primary schools to examine the relationship between education and wages in Indonesia, and Osili and Long (2008) exploited similar variation in Nigeria to examine how education impacts fertility. The general policy change in an FPE reform is to remove compulsory school fees in all primary schools across the country (the extent of fee removal varies reform to reform); therefore, there is no geographic variation in the implementation of the reform itself. Previous work examining the impact of malaria eradication exploited pre-intervention levels of the disease to generate variation in the expected impact of the anti-malaria programs (Bleakley, 2010; Lucas, 2010 Lucas, , 2013 . The benefit to this type of strategy is that it does not depend on variation in the implementation, but the geographic component of the variation is determined solely on the pre-intervention characteristics of each geographic district. Lucas and Mbiti (2012a,b) applied a similar strategy using variations in pre-reform primary completion rates to generate geographic variation. They examined the effect of the 2003 FPE reform in Kenya on gender differences in schooling and sorting into private schools. This paper evaluates a central component to education reform in Ethiopia, the removal of school fees in grades one through ten. Data from the 1994 Ethiopian census are used to estimate the level of expected impact of the reform separately for each of the 60 zones (i.e. counties) across Ethiopia. The estimated effect of the reform in each specific zone is assumed to be inversely related to the education level of pre-reform birth cohorts. The removal of school fees is expected to have a greater impact on areas that have relatively lower initial levels of education. These zone-specific measures are then interacted with the timing of the reform and zone-specific data on school starting age to calculate the maximum intensity with which the reform could have affected an individual born in a specific year in a specific zone. This provides both geographic and temporal variation that is used to identify the effect of the reform. It is important to note that the method that is described in this paper requires only pre-reform information regarding the fraction of the population completing each year of schooling and starting at each age at some subnational level. This can then be matched with the birth year (or age) and the location of respondents from a post-reform survey, and the full effect of the national education reform estimated. In Ethiopia, the reform is found to have led to a significant increase in schooling. The estimates are not sensitive to changes in the sample, or alternative assumptions in the calculation of the intensity measure. Although precise zone of birth is not available, three alternative strategies using region (i.e. state or province) of birth information in the LSMS find similar estimates to the baseline model. Furthermore, 86 percent of respondents in the LSMS sample live in their region of birth. Importantly, this method only finds an increase in schooling in Ethiopia, and does not capture secular increases in education in four alternative countries from Sub-Saharan Africa.
The relevant history of Ethiopia and the education reform is outlined in Section 2. The estimation of the potential magnitude of the reform's impact, and the combination of this measure with the timing of the reform's implementation is described in Section 3. The data is summarized in Section 4, along with the paper's estimating model. The estimated effect of the reform on years of schooling in Ethiopia is explored in Section 5. The paper is concluded in Section 6.
Background and Education Reform
Beginning in 1974 Ethiopia was governed by a military council, a period that was briefly followed by four years of a single party communist rule, which ended in 1991 (Ofcansky and Berry, 1993) . Under these governments, students entered school at age seven, a starting age that remains unchanged today, primary school lasted six years, junior secondary school two years, and senior secondary four years (World Bank, 2009 ). Grade 1 enrollment declined roughly 25 percent between 1979 (first year of available data) and the fall of the communist government, and the fraction of the national budget spent on education fell nearly 50 percent (Oumer, 2009) . During this time period, there was no set tuition fee charged for school attendance; however, public primary and secondary schools often imposed per-student fees to cover the cost of attendance.
Fees were significantly lower in government run schools, and these schools educated more than 90 percent of primary school students (World Bank, 2009 ).
1
In 1991, the Ethiopian Peoples Revolutionary Democratic Front took power and moved quickly to establish a transitional government and decentralize authority. The transitional government established nine regional governments and two independent administrative councils in the country's two largest cities. These 4 proclamation clarified the division of power between central and regional authorities. Following this proclamation, the regional authorities became responsible for the administration and provision of primary and secondary education. This proclamation functioned as the "cornerstone" for the education policy that was being drafted, and acted as the de facto initial implementation of the forthcoming policy. The official Education and Training Policy, the second major education declaration, was eventually published in 1994, and was officially forwarded to the regional governments prior to the 1995 school year. The key aspect of this proposal was that it required that education be fee-free for grades one through ten. The decentralization of power and lack of official fees in place slowed the implementation of this policy in some areas, but by 1996 a majority of the country had complied with the decree (Negash, 1996; UNESCO, 2007; Oumer, 2009; World Bank, 2009) .
2 This reform is unlikely to have made school "free" for all students, in fact, the government acknowledged that community support remained an important part of financing education, but schools were no longer allowed to request a per-student fee (Oumer, 2009; World Bank, 2009 ). Falling short of fully removing the cost of attending school only makes finding an impact of the policies more difficult to identify; therefore, what is directly being measured is the effect of the intention of the government to remove school fees. Additionally, the Education and Training Policy extended the length of primary school to eight years, with an additional two years in both junior and senior secondary school. Importantly, there is a cutoff after eight years of schooling in both the pre and post reform periods, this will be exploited later in the paper.
Enrollment data from the UNESCO Institute for Statistics can be used to determine whether there is initial evidence that the two reforms issued by Ethiopia's central government impacted school attendance.
Grade one enrollments are likely to be the most responsive to the fee reductions; it is at this margin there are the largest number of students who could potentially be affected by the reform. is associated with more than 280,000 additional students entering grade one relative to the previous year, a 45 percent increase. Then in 1995, grade one enrollment grew another 317,000 students following the dissemination of the Education and Training Policy, a year-to-year growth of 28 percent. These are the largest two increases in annual enrollment. Between 1992 and 1995 pupil-teacher ratios in primary school increased 40 percent, the increase was more than 60 percent from 1992 to 1996, the year when most of the country had fully implemented fee-free education. The growth in the number of students per school is even greater, growing over 75 percent between 1992 and 1995, and 90 percent through 1996 (Ministry of Education, 1995 Education, , 1996 Education, , 2000 . This is evidence that the increase in enrollment is not being generated by an increase in the supply of education, but an increase in demand driven by the reduced out-of-pocket cost of school. These trends are common following this type of national reform, and often pointed out by critics of these large-scale education reforms. This suggests that Ethiopia conforms to the pattern that is often observed after a country implements a "big-bang" education expansion; large-scale growth in access to education, and an expansion of enrollment that typically outpaces the supply of teachers and classrooms. This is evidence of both the potential effectiveness of these policies, and that Ethiopia is an appropriate
context in which to demonstrate a technique to identify and measure the impact of the reform on schooling.
Methodology

Zone Specific Magnitude and Timing
Quantifying the potential magnitude of the reform is essential to estimating the predicted impact, and doing this separately for each zone in Ethiopia generates the necessary geographic variation. To allow for future cross-country comparisons, the potential magnitude of the reform is calculated in reference to the pre-reform duration of primary school, six years. Motivated by work from Lucas and Mbiti (2012a,b) , the underlying concept is that the magnitude of the reform's impact is inversely related to the pre-reform level of schooling.
In each zone, z, some fraction of students never enter school (F z,0 ), and removing school fees for grades one through ten has a maximum potential impact of ten years of additional schooling for these students. The maximum effect in zone z, for this group of students, is then equal to the product of the fraction of students in the zone who never attended school and the maximum potential impact of the reform (10 · F z,0 ). In this district there also exists some fraction of the population that would have dropped out after completing the first grade (F z,1 ), these students received a maximum nine years of additional schooling following the removal of school fees (9 · F z,1 ). The same is true for students who would have dropped out after each successive year, following grades two through nine. Students completing at least ten years of school are assumed to be unaffected by the removal of school fees in grades one through ten. Therefore, to capture the magnitude of the maximum potential effect of the reform in zone z, M z (G), the impact must be summed across grade levels zero through nine,
The equation is divided by six to scale the maximum impact of the reform in reference to the original length of primary school, and set G = 0 to capture the impact of the reform across all grades. As previously stated F z,g is the fraction of the population in zone z that left school following grade g, and (10 − g) is equal
to the number of additional years of schooling they could complete after the removal of school fees. The maximum value of the potential magnitude would occur in a zone where no student attended school prior to the reform (F z,0 = 1; F z,g = 0 ∀ g ∈ [1, 9]); every student would receive ten additional years of schooling.
The maximum potential magnitude of the reform is then 10/6. If every student completed at least ten years
, then the predicted impact of the reform would be zero.
For individuals entering school following the reform's implementation, the reform impacts their schooling decision beginning with whether or not they should enter school at all. They are affected by the full magnitude of the reform, and the G parameter from equation (1) is equal to zero (G = 0). However, for students who had completed four years of school when the reform was put into place the removal of school fees would not affect their decision to attended grades one through four, but will impact their decision to drop out after grade four and each subsequent level. For these students, the impact of the reform begins following the fourth grade, and equation (1) is calculated with G = 4. 5 How the predicted magnitude is assigned to observations from the data is determined by the timing of the reform, and by the respondent's birth year. If every student started on time, at age 7, it would be straightforward to assign each observation the appropriate magnitude equation. However, the data from Ethiopia, like much of the developing world,
show that this is not the case; delayed entry is common.
Zone specific starting age probabilities are calculated for ages 6 to 12. This takes into account the possibility that students enters grade one anytime from one year early, at age six, to five years late, at age
12.
6 An intensity measure, I zy , is used to appropriately assign the magnitude across birth cohorts. An individual born in 1972 or later, even starting school at age 12, will progress through the tenth grade prior (10 − g) · Fz,g 6 Due to high rates of students never entering school in the pre-reform period, the largest margin along which the reform affects schooling is entry into grade one. Although grade repetition occurs, data are not available at the zone level, and the magnitude of its impact on the distribution of the reform's timing is likely to be modest relative to school entry.
to the reform being put into place. Therefore, individuals born in 1972 or earlier will not be affected by the removal of school fees. On the other extreme, the reform will be implemented prior to individuals born in 1989 entering school, even if they enter a year early. All individuals born in 1989 or later are fully impacted by the reform, corresponding to an M z (0) magnitude. This distribution can be seen in the following equation,
The intensity of the reform for individuals from zone z, born in year y, is denoted I zy . As noted above, this is zero for all individuals born in 1972 and before, and the maximum zone specific magnitude, M z (0), for individuals born in 1989 and later. S zya is the probability of starting school at age a, for individuals from zone z, and born in year y. The intensity of the reform's impact for individuals born between 1973 and 1988 is the sum of a set of seven zone-specific magnitudes weighted by starting age probabilities. To calculate starting age probabilities, data are used to estimate the fraction of grade one entrants at each age, 6 to 12.
Assuming a constant relative relationship across ages, two starting probabilities are calculated. Pre-reform starting probabilities are calibrated to sum to one minus the fraction of students never entering school in each zone, these are assigned to birth year and starting age combinations that would have had to make the decision to enter school prior to the removal of fees. Post-reform starting probabilities are calibrated to sum to one, the maximum impact of every student entering school. The combination of starting age and birth year determines the magnitude equation with which the starting age probability is paired. The starting age probability at age seven for any given birth year y is always paired with the magnitude equation for the same birth year, S zy,7 · M z (G y ). However, the starting age nine probability is then paired with the magnitude equation for the birth cohort born two years later, S zy,9 · M z (G y+2 ). These products are calculated for each age, 6 to 12, and then summed together to construct the intensity measure for each birth year from 1973 to 1988. 7 Finally, the intensity measure is also calculated separately for men and women to allow for sex specific estimates of the reform's impact on schooling.
Regional Timing
As discussed in Section 2, the implementation of the reform is staggered across Proclamation No. 41
(1993), the Education and Training Policy (1995), and possible delayed implementation (1996) due to the decentralized government structure put into place by the transitional government (World Bank, 2009 ). An objective method is constructed to identify the timing of the reform's implementation in each of the country's 11 regions. Pre-reform (1989 to 1992) regional level enrollment data are used to construct predicted levels of grade one enrollment for the next four years (Ministry of Education, 1995 Education, , 1996 Education, , 2000 . For each region, the annual grade one enrollment level is then compared to the predicted level of enrollment; the post-reform period is set to begin in the year with the largest increase of this relative measure. 8 To ensure that the estimates seen in the following section are not dependent on this definition of implementation, additional estimates are shown using a staggered implementation of the reform. The estimates that allow for gradual implementation use the same distance above the predicted enrollment level for the years 1993 to 1996, and assume no implementation prior to 1993 and full implementation no later than 1996.
The national capital of Ethiopia, Addis Ababa, does not follow the same pattern of increase as the other regions throughout the country. As seen in Figure 2 , the increases in enrollment in 1993 and 1995 are prevalent in the non-Addis Ababa regions of the country, but the same spikes in enrollment do not occur in the capital. In fact, enrollment levels remain relatively consistent throughout this time period. Furthermore, this consistency in enrollment in Addis Ababa holds true for grades one through eight (Ministry of Education, 1995 Education, , 1996 Education, , 2000 . This suggests the possibility that the reform was either not needed, or may not have occurred, in the capital. This is taken into account by setting the intensity measure for Addis Ababa equal to zero; alternative estimates are also shown calculating the normal intensity measure described by equation Study (LSMS). Each of these datasets includes information that enables household location to be determined at the second administrative level of Ethiopia, the zone. Census data include time consistent definitions of household location within each zone; household zones using the DHS and LSMS surveys are determined by mapping survey cluster GPS location onto maps of zone-level boundaries. 9 This information is further crossreferenced with recorded cluster location in the LSMS; zones are not explicitly recorded in the Ethiopian DHS. Each dataset also includes information on individual's years of schooling, sex, and age; this is the only information needed to identify and estimate the impact of the reform.
Each of the datasets has a unique set of strengths, and testing that the effect of the education reform can be identified across all of the surveys provides important evidence that the model is capturing a change that occurred in Ethiopia. Although the 2007 census only collects a small amount of information on each individual, it collects the information necessary to measure the impact of the reform on schooling, and includes thousands of observations in every zone. The census and LSMS do not explicitly ask for birth year, it is inferred using the respondent's age and the year of the survey. The DHS explicitly records birth year, cross checks this information with other dates and ages in the survey to correct for errors, and records the depth of the respondent's knowledge of their birth year. Only 73 percent of respondents are able to report their birth year; it is imputed using age information for the remaining respondents. Due to the importance of the timing of when an individual was born to this study, it is extremely beneficial to have a subsample of respondents with information that has a higher likelihood of being accurate. In the census and DHS, the place of one's childhood education is not explicitly known, but region of birth data in the LSMS suggests that today's location is likely a good approximation. Data from the LSMS demonstrates that 86 percent of respondents born between 1972 and 1989 still live in their region of birth. This information is used to show that estimates for the full sample are similar to those for respondents who remain in the region in which they were born. Furthermore, this information is used to adjust for migration in an alternative construction of the identification variable, again yielding similar estimates.
Summary Statistics
Relevant summary statistics, using data from the 2007 census, are shown in Table 1 . Data are shown for the 1972 birth cohort, the first entirely pre-reform cohort, and the 1989 birth cohort, the first fully post-reform cohort. These cohorts bookend the range included in the baseline set of estimates in the following sections.
The average intensity measure is shown in the first row, for the full sample on the left-hand side of the table, and then separately for men and women. The intensity measure is always zero for the pre-reform 1972 cohort, and larger for women in the 1989 cohort. As can be seen in the second row, education levels in the 9 Matching to map boundaries is done with two sources. Zone level boundaries are obtained from IPUMS International (2015) and the Food and Agriculture Organization GeoNetwork's Global Administrative Unit Layers (GAUL) maps (2016).
pre-reform period are exceedingly low. From an average of about one year of schooling for women born in 1972, to just under three years of schooling for men born in the same year. These low levels of schooling lead to a large potential impact of the reform, and average full intensity estimates of 1.41 and 1.22 for women and men, respectively. Over this time period, education increased for women and men both, an increase of 1.78 years for women, and 0.91 years for men. Because average education rates are so low in the pre-reform period, increasing average years of schooling in this range could have a significant effect on literacy rates.
An initial look at the data reinforces this understanding. Early literacy rates were much lower for women in the earlier cohorts (0.21 vs. 0.50), but increased nearly twice as much as the male literacy rate over this time period. In addition to a basic measure of learning, such as the literacy rate, there is consistent growth across the entire sample for the fraction of individuals completing eighth grade (9 percentage points), and a reduced increase in the completion of ninth grade (5 percentage points).
The evolution of the two key variables, years of schooling and I zy , are shown in 
Estimating Equation
The central model of this paper examines the relationship between the estimated intensity measure from equation (2), and years of schooling. The model exploits both the geographic and temporal variation built into the construction of the intensity measure to identify gains in schooling from a national level reform in a developing setting. The estimates used in this paper are from an ordinary least squares model that is defined by the equation
The dependent variable is Y , generally years of schooling, for individual i, born in year y, from zone z. β is the coefficient of interest, and I zy is the zone and birth year specific estimated intensity of the reform which is calculated by exploiting geographic variation in the zone-specific pre-reform education levels, and the timing of the reform. I zy is scaled to equal one when six years of school, the length of pre-reform primary school, are provided free of fees; therefore, β can be interpreted as the increase in years of schooling generated by providing free primary education. τ y is a set of birth year fixed effects that capture any secular changes occurring across Ethiopia in any given year, and δ z is a set of zone-specific fixed effects capturing any time invariant characteristics that impact schooling. X izy is a vector of individual level covariates that could include a cubic for age when multiple survey rounds are part of the sample, a dummy for sex when both men and women are included in the sample, or region of birth. It is important that these covariates are either constant over an individual's lifetime or are determined prior to schooling decisions being made. Estimates are weighted using sampling weights provided by the surveys, and standard errors are clustered by zone to allow for within zone correlation (Bertrand et al., 2004) .
Results
Baseline Estimates
Baseline estimates of the effect of the education reform on years of schooling in Ethiopia are shown in Table 2 . All nine samples include birth cohorts from 1972 to 1989, the narrowest band of birth cohorts possible that fully captures the reform. The intensity measure (I zy ) is constructed using both male and female observations to estimate the results in Panel A, and using only the respective sex specific data for the estimates in Panel B and Panel C. All nine estimates, using three separate sources of data, find that the reform led to a statistically significant increase in years of schooling. Estimates for the full sample are shown in Panel A; the model estimates that fee-free primary school led to an increase of between 1.121 and 1.767 years of school. Estimating the model separately for both women (Panel B) and men (Panel C) again yields strong evidence of an increase in schooling generated by the reform in Ethiopia.
Three additional observations come from the results seen in Table 2 . First, precision of birth year matters.
The intensity measure assigned to an observation is partially dependent on the timing of their birth. The DHS survey specifically attempts to accurately measure year of birth information, and flags imputed results.
Additionally, the estimates in column (2) include only individuals that were able to identify their year of birth.
10 Estimates for the DHS sample are generally larger, suggesting that measurement error in the year of birth may be biasing results towards zero. Although larger, this is a reason to think that the DHS estimates may be more accurate. The second observation is that the gender patterns observed in the first two columns, for the census and DHS, are very similar, and match the ex-ante expectation based on the growth in means of years in schooling seen in Table 1 . The estimate for the overall sample from the LSMS is similar to the other two sources; however, caution is warranted when interpreting the breakout by gender. Finally, F-statistics are shown for all nine estimates in the table. Although developing this straightforward identification is an important addition to the literature, this method can be useful beyond its applications to measuring the impact of education reforms if the identification is strong enough to be used as an instrument in a two-stage least squares model. The F-statistics shown in Table 2 demonstrate that the intensity measure would be a strong instrument when using the full sample from any of the three datasets, and for any of the three gender breakouts when using the DHS. This suggests that this method, when studying Ethiopia, can be used to examine how education affects any number of important outcomes.
Using the full sample, estimates in Table 3 and 1996. The pace of implementation is calculated relative to the predicted enrollments levels from section 3.2, and calculated separately for each region. Across all three panels and datasets, the estimates remain statistically significant at the 99 percent level for eight of the nine estimates. This demonstrates that the estimates from Table 2 are not reliant on the specific assumptions used to construct the intensity measure, or the sample range employed.
Migration Adjustments
Of the three data sources used to test the robustness of the intensity measure, the LSMS adds significant value due to its inclusion of birth region information. An intensity measure constructed using zone of birth data would be ideal. However, LSMS data provide evidence that internal migration is not overly prevalent during this time period; more than four-fifths of the sample lives in their region of birth. In addition to this, Ethiopia is divided across strong ethnic and linguistic divides that provide an additional barrier to movement. Important information available from the LSMS can still be used to examine whether internal migration may be biasing the previous estimates. Estimates shown in Table 4 are all generated using the full sample of LSMS data. Estimates in column (1) simply add a set of region of birth fixed effects to the original model. The estimates in column (2) include only individuals who remain in their region of birth, 86 percent of the sample. The estimates in the third column utilize a migration adjusted intensity measure.
To construct this new measure, province level intensity calculations were made following the same process described in section 2, and allocated using the following three rules: (1) the intensity value is birth zone if zone of birth is a major urban zone (Addis Ababa, Harari, or Dire Dawa), (2) value is region of birth average if currently living in a major urban zone that is not zone of birth, or if living in zone that does not border region of birth, (3) value is original I zy if living in region of birth or zone bordering region of birth. 11 All three estimates remain statistically significant, and very similar to the baseline estimate from column (3) of Panel A in Table 2 . The largest difference is a reduction of one-tenth of one year of schooling, in column (2) of Table 4 . The F-statistics also remain above ten for the two estimates that include the full sample. This is evidence that it is unlikely that the estimates from the previous tables are being biased by misallocation of the intensity measure due to migration within Ethiopia.
Literacy and Advancing to Grade 8 and Grade 9
A consistent point of contention regarding this type of "big-bang" reform is that while it may improve the quantity of education provided, it has a detrimental impact on the quality. This sentiment is likely true, but positive changes generated by bringing new students to the classroom may outweigh reductions in quality to the existing education. Literacy can be used to test whether the increase in years of schooling found in the previous results led to increased levels of education. Especially at the lower levels of education seen in the pre-reform period, it seems that increasing schooling off a pre-reform base of two years could potentially lead to large increases in literacy. Estimates using literacy as the dependent variable in equation (3) are shown in Panel A of Table 5 . They estimate that the reform led to an increase in the literacy rate of between 8.6 and 12.6 percentage points, and all three estimates are statistically significant. 12 These results are roughly a 30 percent increase in the literacy rate compared to the baseline level of the 1972 cohort. 13 This is initial suggestive evidence that the post-reform quality of education remained high enough to lead to a significant increase in learning that would have not otherwise occurred.
An additional way to examine this question of education quality is to exploit a characteristic of the reform in Ethiopia. Progression past grade eight required completion of an exam both before and after the reform. This provides a second setting in which the quantity-quality balance can be seen and evaluated. The 11 Rule 1 is prioritized, and Rule 2 is prioritized over Rule 3. Note that Addis Ababa, Harari, and Dire Dawa function as both zones and regions. If born in these regions, then zone-specific intensity measure is known for zone of birth.
12 Marginal probit estimates are larger for all three datasets ranging from 0.117 to 0.15, and remain statistically significant at the 99 percent level for the census and DHS, and at the 90 percent level for the LSMS.
13 Literacy rate estimates for the female sample are above 0.1 for all three samples, and statistically significant at the 99 percent level. This magnitude of increase suggests the reform led to at least a 50 percent increase in the national literacy rate for women. Estimates for men range from 0.055 to 0.083, and remain statistically significant for the census and DHS samples. Table 5 is an indicator equal to one if the respondent completed at least eight years of school, and in Panel C the dependent variable is equal to one if the respondent completed at least nine years of schooling. Estimates are again calculated using the model described in equation (3).
dependent variable in Panel B of
Estimates in Panel B demonstrate that the reform increased the likelihood of completing at least eight years of school by between 5.8 and 10.5 percentage points.
The increase in grade eight completion can be thought of as the expected "quantity effect" that has been evident throughout the paper. In both states of the reform, these students then had to pass an exam to be eligible to continue to, and potentially complete, grade nine. If post-reform students perform better on the exam (increased quality), any increase in grade nine completion should be larger than the increase in the grade eight completion rate. If the opposite is true, and the increase is smaller for grade nine, this would be evidence that the quality of the education may be declining. However, this then raises an important secondary question, has completion of grade nine increased due to the reform ("quantity effect" > "quality effect"), or declined ("quantity effect" < "quality effect")? Even in the presence of a decline in quality (a smaller effect on grade nine relative to grade eight), it remains possible that the overall effect of the reform is positive and the increased enrollment outweighs a decline in quality. The estimates in Panel C of Table 5 help provide insight to the answer for these questions. For both the census and DHS estimates, the increase in grade nine completion is less than the increase in grade eight completion. This suggests a higher failure rate on the post-grade eight exam, a lower quality. The LSMS again diverges, but actually shows a larger increase in grade nine completion.
14 At the very least, there is no evidence of a decline in quality that is so extreme that it outweighs the increase in the number of students entering and progressing through school.
Both the literacy and grade completion estimates provide important suggestive evidence that a sufficient level of quality persists in the post-reform period.
Placebo Estimates
As a general trend, education levels throughout Africa have been increasing in recent years. Although the inclusion of two dimensions of variation helps to alleviate concerns that the estimates for Ethiopia are only capturing this secular increase in education, some level of concern could remain. To address this, an intensity measure is calculated for four additional countries for whom recent data are available, where no reform occurred during the 1990s, but following the equations that define the timing of the Ethiopian reform's implementation. This simulates the same reform measured in Ethiopia being implemented in four alternative settings. Finding similar estimates would suggest that the results shown in this paper are driven by general increases in education that are not specific to Ethiopia. Intensity measures from Kenya (which borders Ethiopia to the southwest), Tanzania, Zambia, and Mali are calculated using census data from each country.
15 Kenya was chosen due to its proximity to Ethiopia, Mali for its similar pre-1990s education level, and Tanzania and Zambia were added as additional checks that fit the necessary conditions mentioned above. These intensity measures are then paired with the most up to date datasets available, the 2008/9 and 2014 DHS from Kenya, the 2007/8 (AIDS Indicators Survey) and 2010 DHS from Tanzania, the 2010 census from Zambia, and the 2009 census from Mali; equation (3) is used to estimate whether the placebo intensity measures predict increases in schooling similar to those found in Ethiopia. The estimates are shown in Table 6 ; Panel A includes estimates for a simulated 1993 implementation, and Panel B for a simulated 1995 implementation. Additionally, to mimic the zero intensity measure in Addis Ababa, the intensity measure in each country's urban center is also set equal to zero. 16 There is no evidence of a large increase in years of schooling linked to the misplaced intensity measures in any of the countries, for either timing of the reform.
The largest positive estimate is 0.237, from the Kenyan DHS; it is about one-fifth of the smallest estimate from Ethiopia, and only 13 percent as large as the corresponding increase using the Ethiopian DHS. For Mali,
where an individual born in 1972 averaged only 1.58 years of schooling, the coefficient estimates are large, statistically significant, and negative. This could signify an increased unlikelihood for areas that are in the extremes in regard to education, as Ethiopia was in the early 1990s, to have convergence in education levels without such a significant effort to improve the system. Most importantly, there is no evidence from these regressions that the model is capturing general trends in schooling improvements; large positive estimates were only found in Ethiopia, in the presence of an education reform.
Conclusion
Using both temporal and geographic variation to identify the effect of the education reform in Ethiopia, the model shows that the removal of school fees led to large increases in schooling. The reform is found to have increased the average Ethiopian's schooling by more than one additional year. The estimates are shown to be robust across a number of specifications and migration adjustments. The reform is also found to have increased literacy rates by nearly 30 percent. The method of identification is replicated in four alternative African countries, countries in which no contemporaneous education reform took place. In none of these countries is there evidence of a similar increase in education, further isolating the Ethiopian reform as the cause of the increase in years of schooling.
The magnitude of the increase in schooling that occurred in Ethiopia due to the reform is difficult to 15 Census data are from Minnesota Population Center's IPUMS (2015) . 16 Estimates allowing variation in the urban centers are shown in Appendix Table A5 .
overstate. The reform increased schooling by 50 percent over the baseline level of the 1972 cohort. To put this into perspective, the size of external intervention necessary to cause this kind of national change is unimaginable. In 1995, there were 26 million Ethiopian children under the age of 14. Consider a scenario in which it were possible to construct an education program that would guarantee every student who entered would complete eight years of primary school, and assume that the pre-reform level of schooling was two years, on average. Although the itself program is unrealistic, no program can promise completion, the scale of this type of program would need to be impossibly large. If this program were to be implemented in Ethiopia, and it had a target of increasing schooling by 1.2 years (the median estimate from Table 2 ), on average, for all 26 million children, the program would have to enroll 5.2 million children. 17 In other words, the magnitude of the reform that occurred in Ethiopia is equivalent to a program that brings one out of every five children in Ethiopia all the way through eight years of primary school.
This paper presents a strategy, using regularly available data, to identify national level schooling reforms in developing settings. This strategy is applied to Ethiopia, and the estimates indicate that the reform led to significantly more schooling. Initial results also show that the increased quantity of schooling led to higher levels of literacy and ninth grade completion. This is suggestive evidence that the increased enrollments outweighed any potential quality loss in education. Future work can expand on this conclusion by utilizing this method of identification to examine whether the fee removal of the early 1990s, and the increased schooling it generated, led to welfare gains for the people of Ethiopia. · 8. The 26 − x million students not involved in the program remain at two years of school, and x students enter the program and receive eight years of schooling. The goal is to increase the average years of schooling by 1.2 years, from the baseline level of two years, to 3.2 years of school. , 2015) . Literacy, completed at least 8 years, and completed at least 9 years are expressed as fractions of the relevant population group. (2014) estimates include only a single survey round, age is therefore jointly determined by birth year and survey year. Izy is set to zero for Addis Ababa, as explained in section 3.2. Each estimate is from a unique regression, weighted using weights provided by the survey, and standard errors are clustered at the zone level. Note: *** p<0.01, ** p<0.05, * p<0.1. The dependent variable is years of schooling. The sample includes birth cohorts from 1972 to 1989. All regressions include birth year and zone fixed effects, and an indicator equal to one for observations that are male. The estimate in column (1) also includes region of birth fixed effects. The sample in column (2) only includes respondents living in their region of birth, and column (3) is estimated using a migration adjusted intensity. The estimated intensity of the reform, Izy, is set to zero for Addis Ababa, as explained in section 3.2. Each estimate is from a unique regression, weighted using weights provided by the survey, and standard errors are clustered at the zone level. Salaam, Lusaka, Bamako). Each estimate is from a unique regression, weighted using weights provided by the survey, and standard errors are clustered at the zone level. Kenya includes fewer than 50 zones, wildbootstrap p-value is substituted for standard error (Cameron et al., 2008) .
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A Appendix
A.1 Timing and Intensity Calculation: Example of 1995 Implementation
The following uses a 1995 implementation of the Ethiopian education reform as an example. Appendix Table   A6 outlines the year-grade level combinations that are considered to be affected by the reform. The table is organized by birth year, age at the beginning of the calendar year, and grade of attendance if starting and matriculating on time. 18 Students born in 1987 or later, and starting on time, enter school in the postreform, fee-free, period. However, students entering school before this time must pay the prevailing school fees to enter grade one. These divergent decisions yield two separate probabilities of entering school at a
given age, one pre-reform, and one post-reform. School starting age probabilities are calculated using census data for ages 6 to 12 for each zone in Ethiopia; it is assumed that the relative start probabilities across the different ages remain constant. For example, if a student is twice as likely to enter at age seven relative to age six, this ratio is consistent across both states of the reform. For each zone, pre-reform period start probabilities (S z,pre ) are rescaled to ensure that the sum of the start probabilities for ages 6 to 12 is equal to one minus the fraction of students who never enter school. Post-reform start probabilities (S z,post ) are scaled by setting the sum of the age 6 to 12 start probabilities equal to one, the maximum potential impact of the reform leading full attendance. The above assumption regarding the relative start age probabilities and these two definitions ensure that the post-reform start probability at any given age, a, is larger than the pre-reform start probability (S z,post,a − S z,pre,a > 0). Note that this leaves a number of students who would enter by age 12 in the post-reform state, but not in the pre-reform state. This will be taken into account in the following equations.
The equations for the calculation of each birth year are listed below. These equations take into account the pre and post start probabilities explained above, and magnitude calculation from equation (1). Any birth year and age combination that would have an individual graduating grade 10 prior to the implementation of the reform, would yield zero benefit from the reform, and is not included in the following equations. From Appendix Then a student born the next year, in 1973, and entering school at age 12 would receive a single year of 18 Ethiopian school begins at the beginning of the Ethiopian year (in September of the Gregorian calendar).
additional schooling from the reform,
Those born in 1974 and starting at age 12 would receive two additional years, and starting at 11 would receive one additional year, and this iteration continues in a similar fashion through the 1981 birth year:
For the 1981 birth cohort, the latest starters, age 12, begin school in 1986, and still have to make the decision to enter school during the pre-reform period. This changes beginning with the 1982 birth cohort; students who are born in 1982 and enter grade one at age 12 are entering during the post-reform period. Furthermore, there are a set of students who would have entered at earlier ages, 6 to 11, only if fees were removed, but now have the opportunity to enter at age 12 in a fee-free environment. However, many of these students in the delayed entry group may be taking part in other activities that makes school entry infeasible. To take this into account delayed entrants are discounted by the following equation:
1 e (a−7) . This assumes that entrance for this set of students who would have entered at younger ages in a post-reform state becomes increasingly 29 less likely the longer the delay:
In the 1983 cohort, similar to the 1982 cohort, 11 and 12 year old grade one entrants enter school in the postreform period. Ages 6 through 10 still must make the decision in the pre-reform period, leaving a large stock of potential future entrants. The fraction of remaining entrants is again defined by the (S z,post,a − S z,pre,a ) difference; the students who would have entered at each age had they been entering in the post-reform period, but had to make the decision pre-reform. However, again the size of this group is discounted to take into account potential productive activity that precludes their ability to enter school at a later time. This pattern is continued through the later cohorts, as well;
For the 1989 birth cohort, all individuals, even the early starters, enter school completely in the post-reform period. Note: *** p<0.01, ** p<0.05, * p<0.1. The dependent variable is years of schooling. The sample includes birth cohorts from 1972 to 1989; in column (2) and column (3) the estimated intensity measure, Izy, is calculated using the relevant sex specific data. All regressions include birth year and zone fixed effects, and a cubic control for age. An indicator equal to one for all male observations is included in the column (1) regression. All DHS observations that report not knowing their exact year of birth are added to the original sample. Izy is set to zero for Addis Ababa, as explained in section 3.2. Each estimate is from a unique regression, weighted using weights provided by the survey, and standard errors are clustered at the zone level. Note: *** p<0.01, ** p<0.05, * p<0.1. The dependent variable is years of schooling. The sample includes birth cohorts from 1972 to 1989. All regressions include birth year and zone fixed effects, an indicator equal to one for observations that are male; column (1) also includes region of birth fixed effects. Column (2) only includes respondents living in their region of birth, and column (3) using a migration adjusted intensity. The estimated intensity measure, Izy, is fully calculated for Addis Ababa using a 1995 implementation. Each estimate is from a unique regression, weighted using weights provided by the survey, and standard errors are clustered at the zone level. 
A.2 Appendix -Tables
(1) is from a unique regression, weighted using weights provided by the survey, and standard errors are clustered at the zone level. Kenya includes fewer than 50 zones, wild-bootstrap p-value is substituted for standard error (Cameron et al., 2008) . weighted using weights provided by the survey, and standard errors are clustered at the zone level. Kenya includes fewer than 50 zones, wildbootstrap p-value is substituted for standard error (Cameron et al., 2008) .
